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The nasal septum is composed of septal cartilage and its bony articulations. These cartilage articulations include the nasal bones, perpendicular plate of the ethmoid (PPE), vomer, and the maxillary crest, creating a mosaic pattern septum. 1, 2 Anatomical variation and abnormalities are commonly seen in the ear, nose and throat patients presenting with breathing difficulty and as a general rule septoplasty is performed to correct such deformity or obstruction. The septal cartilage and bones are also pivotal in rhinoplastic surgery as the cartilage and bone are often used as a graft for reconstruction and support. 3 Preoperative radiological imaging is rarely undertaken in patients undergoing septal and rhinoplastic surgery and knowledge of septal dimensions have previously been based on autopsy studies. [4] [5] [6] Radiological imaging such as computed tomography (CT) of the paranasal sinuses, including the sagittal images, 7 allows more accurate measurements and assessment in the living subjects.
The literature is sparse in accurate septal surface area data when comparing anatomical parameters between populations and on this basis we aimed to radiographically measure septal dimensions, along with constituent component surface areas, on cross sectional CT images. The study would allow us to establish average, set measured parameters for normal septal anatomy among a single population group, aiding in surgical planning during septoplasty and rhinoplasty surgery.
METHODS

Study Design and Setting
A retrospective review of CT scans of the paranasal sinuses at Heartlands Hospital in Birmingham (United Kingdom) was undertaken.
Data Sources
CT scans were viewed using IMPAX software (Agfa HealthCare NV, Mortsel, Belgium). Sagittal reformats were reviewed at 1 mm slices in a bony window.
Ethics
Adhering to the guiding principles of the Declaration of Helsinki this was an anonymous, retrospective analysis of case notes and investigations and as such no ethical approval was sought or required.
Study Participants
This study intended to collect data on sinus CT scans of 100 Caucasian nasal septa retrospectively who were operated on from June 27, 2013 to March 31, 2014. Cases were only eligible for inclusion if an adequate view of the bony and cartilaginous nasal septum could be viewed in one image. The following exclusion criteria were then applied: age less than 18 years, non-Caucasian (identified via British National Health Service Trust database-held demographics and ethnicity), previous septal surgery, significant septal deformity, and movement/amalgam artefact, which may preclude accurate measurements
Data Collection
Scans were assessed for eligibility by the first two authors (C.D. and J.H.). Each data point was agreed on as a consensus between both authors, ensuring interassessor concordance, as such a single value was recorded for each measurement.
The incorporated ruler feature in the IMPAX radiology system was used to obtain lengths to one tenth of a millimeter. For each septum, 14 points were identified and 23 resulting lengths measured and tabulated ( Figure 1 ) represents an example 54-year-old male case and the measurement points and lengths highlighted). Trigonometric formulae were used to accurately calculate surface areas of 11 resulting triangles displayed in Figure 1 , which constituted the three components of the nasal septum.
Data Synthesis
Basic statistical analyses were performed using Microsoft Excel for Mac 2011 Version 14 (Microsoft Corp., WA). Unpaired t tests were used to compare surface areas of constituent nasal septal components with respect to sex. Linear regression analysis was used to relate surface areas to age. These analyses were performed using the GraphPad QuickCalcs website: http://graphpad.com/quickcalcs/ (accessed 7 th December 2014; GraphPad Software Inc., CA).
RESULTS
Demographics
The authors reviewed the CT scans of 151 cases. Fifty one of these were excluded as they failed to meet our highlighted criteria. Measurements from 100 patients were included. The mean age of all participants was 50.2 years (SD ± 15.9; range, 18-79). This constituted 47 males with a mean age of 51.5 (SD ± 17.8; range, 18-79) and 53 females with a mean age of 49.0 (SD ± 14.0; range, 19-78) ( Tables 1 and 2 ). 
Septal Areas
Data tabulation and analysis revealed our septal surface area broken into constituent components, along with confidence intervals for each sex (Table 1) . Comparison with an unpaired t test revealed statistically significant larger surface areas for all septal components in the male data set. This translates to 981 mm 2 (1.52 square inches, range 698-1572) of quadrangular cartilage in the female septum vs 1148 mm 2 (1.78 square inches, range 771-1617 mm 2 ).
We also performed linear regression of septal component surface areas with respect to age for both sexes, identifying reducing quadrangular cartilage surface area with increasing age in the female population (P = 0.044). Whilst a subtly negative trend was found in male data, this was not found to be statistically significant (Table 2) .
DISCUSSION
There is paucity of literature defining dimensions of the nasal septum. Much of the data are anecdotal and relate to surgical techniques as opposed to defining the dimensions of the septal anatomy. Aside from Kim et al's 8 and Kim et al's 9 CT image measured series, a large portion of the literature published takes measurement from cadaveric specimens. In these cadaveric studies, the series numbers have been relatively small, the largest being 57 reported by Miles et al. 5 Another two studies published by Prabhu et al 6 and de Pouchat et al 10 contained only 16 and 14 subjects respectively.
Miles et al 5 analyzed 57 cadaveric specimens, digitally scanning the septa and analyzing the data using image software. Their results comprised 30 male and 27 female cases with the average age of 77 (32-97yrs). Their series reported an average cartilaginous septum area of 817.2 mm 2 ; this difference compared with our 1059.32 mm 2 . Miles's further septal components recorded PPE, and the vomer as 1093 ± 198.4 mm 2 and 668.5 ± 131.9 mm 2 respectively, vs our larger results; 1244.172 ± 53.5 mm 2 and 894.432 ± 41.6 mm 2 . The disparity in results may be due to the smaller relative sample size and obvious use of cadaveric specimens. Understandably cadaveric sample measurements may be subject to inaccuracies secondary to specimen dehydration after death and damage during harvest and resection, where our series takes measurements in living subjects.
De Pouchat's 10 14 case cadaveric series also compares with our study, with an average septal area of 933.11 mm 2 (range, 594.44-1431.87 mm 2 ). The septal cartilage was excised and measurements taken from digital photography, however bony septal components were not included. Exclusion of bony septum may have led to inaccurate readings as small cartilage volumes may have been lost during excision and samples may have been subject to postmortem degradation. It is also worth noting the sample size was both small and included a racially different population (South American subjects) which may also explain the skewed data when compared to our results.
Perhaps the most comparable data is produced in Kim et al's 11 paper which studied 168 postnasal space (PNS) CT scans, similarly assessing sagittal films. Their subjects 12 with measurements taken, as in our series, using the IMPAX system inbuilt ruler feature. The paper reported the area of nasal septal cartilage relative to the total nasal septum decreased with age reaching a maximum when an individual is in his or her 20s, with significant change thereafter. Unlike our series, they found no significant differences between the sexes though the study included subjects as young as 1 year old. The study established total septal area in adults to be 2323.5 ± 243.3 mm 2 and septal cartilage alone 889.4 ± 151.6 mm 2 , smaller readings than our series perhaps explained by the use of MRI and the difference in the Korean population series. The study was limited in comparable data with ours as bony septal components were not included in the data collection.
Kim et al 9 compared the nasal septum and its components in Koreans and whites using sagittal reconstructed CT scan data. 27 patients of white origin and 64 patients of Korean origin older than 20 years were enrolled in this study. Their study included an exclusive "white" population albeit with smaller numbers to ours (n = 27, M = 16, F = 11) and allowed closest comparison with our data as the established total septal dimensions surface area of 2828.7 mm 2 and 2390.09 mm 2 for males and females respectively. These figures, compared with our series, reveal marked differences in results. Although the study's series was limited and only delineated "white" as a separate category, this did not separate an exclusively "Caucasian" predominately European population, as in our data set, perhaps further explaining the difference (Table 3) .
We sought to compare our study results with the current, relevant studies with accurate septal component constituent surface area measurement (Table 3 ). Comparing our data with the current literature shows our series produced the largest surface areas for each septal constituent. This is perhaps explained partly by the racial differences between our Caucasian population and the East Asian population groups in other studies, and it is partly explained by the differences in measurement on CT images on live cases in our studies and the cadaveric specimen measurements in other studies.
In establishing a correlation between age and septal size, we also performed linear regression analysis ( Figures  2 and 3) , comparing both sexes, modelling age against all constituent septal components (quadrilateral cartilage, vomer, perpendicular plate of ethmoid, and total septal surface area). Our Caucasian series suggested a negative correlation between age and quadrangular cartilage surface area. Kim et al's series also revealed area of the cartilaginous septum decreased with age (P < 0.05) though they did report the surface area of total nasal septum remained constant, confirmed in our data set as bony septal component size also remained static. Interestingly our only statistically significant comparison in the series was found in the female series when age and reducing quadrilateral cartilage size were correlated ( Figure 2 ) this was however not seen when male data were assessed whether alone or in combination with the female data ( Figure 3 ).
Study Limitations
Our study is not without its limitations. We used straight lines between defined points to create triangles whereas the border between different parts of septum is not a straight line and this might have caused minor inaccuracies in measurement of the surface area for each septal segment. The septal cartilage sits 1 to 2 mm within the groove of the maxillary crest and it is possible that the small sliver of the cartilage may have not been measured as the cartilage was covered by the maxillary crest. Finally the caudal antero-posterior border of the septum on our measurement was based on a line drawn from the anterior nasal spine to the anterior septal angle which may have missed some septal cartilaginous area around the middle septal angle. We will modify our measurement technique in future studies to take these elements into account. Though the limitations above exist, our confidence intervals included in the data set, make allowance for such variations and give a close and "usable" representation of the available septal cartilage measurements in the adult Caucasian population.
Developing the study in future, we would hope to compare potential race-dependent anatomical variation, whilst increasing case numbers, allowing more accurate population assessment. Adding further data points for measurement during data collection would improve accuracy and ultimately give a refined septal surface area. Further work may include a separate study of the pediatric population and whilst CT imaging in such a population is very limited, measurements may be established through MRI allowing mapping of septal growth through childhood and a clearer indication as to when septal anatomy reaches its full adult dimensions.
CONCLUSIONS
Our study presents the largest published data series on surface area of the septal components in a living Caucasian population, assessed using computed tomography imaging. Our data demonstrate that septal size remains constant after adolescence. Our only statistically significant comparison in the series was found in the females when age and quadrilateral cartilage size were compared, indicating a reduction in this component surface area with increasing age, contrary to current reported understanding that the total cartilage volume decreases with age, we found consistent cartilage size with age increase although bony septal size remained constant. 
